Accidental mortality is pervasive in small mammal livetrapping studies and presents a welfare concern for the particularly vulnerable shrews (Soricomorpha: Soricidae). Although small mammal researchers are aware of this problem and generally suspect that high mortality rates are caused by nutritional constraints and potentially high moisture requirements, these hypotheses have not been widely tested and the problem persists for lack of a practical solution. We conducted a field experiment to assess the effects of providing either high-energy palatable food or water supplements on mortality rates of Blarina brevicauda and Sorex spp. using standard small mammal livetrapping techniques. Water supplements had no effect on shrew mortality, but mortality rates declined by 49% for B. brevicauda and by 64% for Sorex spp. when sunflower seed bait was supplemented with 4 g of mealworms (Tenebrio molitor) compared to controls. Furthermore, the addition of mealworms as a bait supplement eliminated the adverse effect on mortality of the length of time that Sorex were in traps prior to release. The supplementation of live-trap baits with mealworms, therefore, represents a practical method for small mammal researchers to reduce accidental shrew mortality during small mammal livetrapping.
Small mammal livetrapping often incurs accidental mortality of both target and nontarget species. Researchers have an ethical obligation to minimize this mortality by employing livetrapping methodologies that reduce the risk for injury and stress of captured animals. Shrews (Soricomorpha: Soricidae) have been identified as being particularly vulnerable to livetrap mortality (Churchfield 1990 ) and understanding why this is the case will help in developing more-specific guidelines on how to humanely conduct small mammal livetrapping when shrews are involved.
Shrew mortality in live traps has been widely observed anecdotally by small mammal researchers, but has been less frequently reported quantitatively. Current literature indicates that mortality rates can reach as high as 40% in shrews of the genus Blarina (Getz et al. 2004 ) and more than 90% in shrews of the genus Sorex (Getz 1961) . North American guidelines for the use of wild mammals in research caution researchers on the risk of shrew mortality, and advise them to shorten trap-check intervals as a precaution (Sikes et al. 2011) . Although the phenomenon of shrew mortality is acknowledged and has often been attributed to the shrew's high metabolic requirements (Churchfield 1990) , the issue continues to persist with current livetrapping practice. J. Shonfield et al. (in litt.) conducted an inter-and intrastudy analysis of studies involving shrew trapping to assess factors that could contribute to shrew mortality. Their findings suggest that dietary constraints may have been a primary influence on survival rates between different species of shrews (for details see J. Shonfield et al., in litt.) , but these have not yet been rigorously tested.
Shrews are primarily insectivores; their diets consist of insects, insect larvae, and annelids (Hamilton 1940) . They typically exhibit a polyphasic daily activity pattern of foraging, rest, and sleep (Merritt and Vessey 2000) ; for example, foraging bouts in the masked shrew (Sorex cinereus) have been observed to occur up to 19 times in a 24-h period (Buckner 1964) . Evidently, few shrews can survive for more than a few hours without food. Thus, starvation due to their high caloric requirements is often suggested to be the major cause of death in live traps (Pearson 1947; Churchfield 1990; Merritt 1995) . w w w . m a m m a l o g y . o r g 754 Current literature reporting on shrew mortality varies depending on the trapping methodology employed. Getz et al. (2004) reported 40% mortality in captures of northern shorttailed shrews (Blarina brevicauda) over a 25-year study when traps were checked at 12-h intervals. Dizney et al. (2008) reported 40-64% mortality in captures of Sorex trowbridgii and Sorex vagrans, whereas Getz (1961) observed 91% mortality in captures of S. cinereus, with traps also checked at 12-h intervals. The aforementioned studies involved capturing a variety of small mammal species for diverse research purposes, but mortality rates are reduced in studies where shrews are the target species or where the live capture of shrews is required. For instance, Yunger et al. (1992) reported a 60% drop in mortality rates of S. cinereus to 23% when pitfall traps were baited with 7 g of whitefish. Mealworms (Tenebrio molitor) also have been shown to effectively reduce shrew mortality from 32% to 8% in vagrant shrews (S. vagrans) captured in pitfall and Longworth traps (Stromgren 2008) . Little and Gurnell (1989) found that 6-8 g of blowfly (Calliphora sp.) pupae eliminated shrew deaths associated with starvation in traps over a 2-year study period. Alternatively, some researchers checked traps every 1.5 h when trapping Sorex spp. (Hawes 1977; Shchipanov et al. 2005) , which resulted in a total mortality of less than 5%.
Shrews also are susceptible to high levels of evaporative water loss because of a high metabolism and high surface-areato-volume ratio (Chew 1951; Churchfield 1990 ). These factors also may contribute to mortality in live traps. The importance of moisture content in the bait provided during livetrapping, however, has not yet been addressed.
The objective of this study was to test the hypotheses that high rates of accidental shrew mortality during small mammal livetrapping were due to either the shrews' high caloric requirements or the shrews' high rate of evaporative water loss. We predicted that accidental shrew mortality would be reduced when live traps were supplemented with either a high-energy bait supplement (mealworms [Tenebrio molitor]), or a highmoisture bait supplement (Napa Nectar water gel; Lenderking Caging Products Co., Millersville, Maryland). We further predicted that adverse effects on shrew mortality of the length of time between capture and release would be mitigated by either the mealworm bait supplement or the water gel bait supplement. Ultimately, this study aimed to identify an effective yet practical bait supplement that could be incorporated into standard small mammal monitoring protocols and reduce the rate of accidental shrew mortality during small mammal livetrapping.
MATERIALS AND METHODS
General methodology and animal handling.-This research was conducted in Algonquin Provincial Park, Ontario, Canada (45837 0 N, 78821 0 W), in coordination with an ongoing longterm study of the relative abundance of several small mammal species in the park (Fryxell et al. 1998; Falls et al. 2007 ). Shrew species found in the park include Sorex spp. (S. cinereus, S. fumeus, S. hoyi, and S. palustris) and northern short-tailed shrews (B. brevicauda- Strickland and Rutter 2006) . Data on Sorex shrews were reported collectively as Sorex spp. because the species are difficult to distinguish in the field. Between 3 May 2011 and 11 August 2011, a total of 20 small mammal traplines were monitored. This included 8 lines from the long-term study that served as controls, and 12 newly established experimental lines for the present study. The 8 control lines used in this study were located within the 4 habitat types (cutover mixed wood, dense mixed wood, white pine and white spruce, and black spruce and aspen stands) that were found to have captured the most shrews in 2009 and 2010. The 12 experimental lines were established in the same habitat types as the controls (3 experimental lines per habitat type). Experimental lines were located at least 100 m from the control lines to avoid movement of animals between transects.
Each line (control or experimental) consisted of 10 pairs of galvanized steel Sherman live traps (7.5 3 7.5 3 30.5 cm; H. B. Sherman Traps, Inc., Tallahassee, Florida) placed at 10-m intervals along each transect (20 traps per line). All experimental and control lines were trapped for 7 trapping sessions with the exception of 3 experimental lines that were trapped for 6 sessions. Each session consisted of 3 consecutive nights in which all traps on each line were set. All traps were baited with water-soaked sunflower seeds and a small amount of polyester bedding was provided for insulation. Traps were set just prior to sunset and checked the following morning soon after sunrise, at which point they were disassembled after being checked so that no animals were captured during the day. Traps on experimental transects also were baited with 1 of 2 additional supplements: approximately 4 g of freezer-killed mealworms (T. molitor) or approximately 2 g of Napa Nectar water gel (Lenderking Caging Products Co.), a commonly used water source for laboratory animals during transportation. Mealworms were chosen as the supplemental high-energy bait because they are economical, practical, less likely to attract unwanted animals (e.g., bears or martens), and are a food source that reflects a shrew's typical diet (Hamilton 1941) . Napa Nectar was chosen as a water source because it would not confound the water supplement with the addition of other nutrients that other hydrating bait supplements (e.g., apple slices) would have provided.
The amount of supplement was designed to provide provisioning during the period of holding within the live trap, but was not intended to provide any additional supplement that might carry over to subsequent trapping events. We increased the amount of mealworms added to traps on the mealwormsupplemented lines from approximately 2 g to approximately 4 g on 20 June 2011 because preliminary results indicated that 2 g might not be a sufficient amount of supplementation. Prior to this change, 3 species of Sorex were captured on mealworm lines with 100% mortality. In all 3 cases, all of the mealworms were consumed, suggesting that although shrews consumed the mealworms the amount may not have been enough to sustain them while in the trap. Only 1 northern short-tailed shrew had been captured on a mealworm line at this point and it survived. Only captures after this protocol change are reported.
Mammals other than shrews that were captured during each livetrapping session were weighed and marked with small metal ear tags (Monel #1; National Band and Tag Company, Newport, Kentucky) and their age (juvenile or adult), sex, and reproductive condition were assessed by visual inspection. To minimize the risk of mortality we did not tag or handle shrews, which were immediately released upon identification. Species captured between 3 May 2011 and 11 August 2011 on the long-term and experimental lines included deer mice (Peromyscus maniculatus), eastern chipmunks (Tamias striatus), red squirrels (Tamiasciurus hudsonicus), woodland jumping mice (Napaeozapus insignis), meadow jumping mice (Zapus hudsonius), southern red-backed voles (Myodes gapperi), northern flying squirrels (Glaucomys sabrinus), Sorex spp., and northern short-tailed shrews (B. brevicauda). Mammals that were found dead in the traps were recorded to calculate mortality rates (number of deaths/number of captures) for northern short-tailed shrews, Sorex spp., and southern redbacked voles (M. gapperi). The amount of sunflower seeds, mealworms, or water consumed in each trap was recorded as a binomial variable as ''0'' for none or ''1'' for at least some consumed. All animals were released at the point of capture after handling. Livetrapping and handling protocols followed guidelines of the American Society of Mammalogists (Sikes et al. 2011) and were approved by the University of Guelph Animal Care Committee.
Four control and 8 experimental lines had traps that were equipped with timers to monitor the length of time between capture and release. Stopwatches were modified to start when the door on the Sherman live trap sprung shut, as described by Sutherland and Predavex (2010) . The time on the stopwatch together with the time at which the trap was emptied allowed us to calculate the time at which the animal was captured and the length of time it was in the trap prior to release.
Statistical analysis.-Mortality rates of Sorex spp. and B. brevicauda were compared between control and mealwormsupplemented captures and between control and watersupplemented captures using 1-tailed Fisher exact tests. Here each capture of a shrew was considered to be an independent event and the shrew was scored as being either alive or dead at the time of release. Because shrews were not tagged, it was not possible to determine directly whether being captured in consecutive nights increased the risk of mortality, but our analysis of long-term control data from this area indicates that this is likely not the case (J. Shonfield et al., in litt.) . A lack of independence among capture events would not influence the effect size of our bait-supplement treatments, but could affect our inference regarding the statistical significance of these effects.
The effect of the length of time that an animal was held in the trap on its mortality was assessed using generalized linear models (logit link; i.e., logistic regression). We tested for an effect of bait supplements on shrew mortality associated with the length of time between capture and release as a statistical interaction between treatment and the length of time since capture on shrew mortality. No data point had undue influence on any of these models and there were no signs of any underor overdispersion (0.91 , dispersion parameters , 1.11). In all cases, differences were considered to be significant at P 0.05. All statistical analyses were performed using R version 2.15.1 (R Core Team 2012). Sorex captured in traps supplemented with mealworms had less than half the mortality (26%) of those captured on control lines (83.7%; Fisher exact test P , 0.0001; Fig. 1 ). Sorex captured in traps supplemented with water gel had only slightly lower mortality rates (75.8%), and this was not significantly different from rates of mortality on control lines (Fisher exact test P ¼ 0.22; Fig. 1 ).
RESULTS

Between
Mortality rates of northern short-tailed shrews also were lower on mealworm lines (11.3%) compared to control lines (21.7%; Fisher exact test P ¼ 0.04), but were not different between water gel lines (17.4%) and controls (Fisher exact test P ¼ 0.26; Fig. 1 ). The only other species that experienced traprelated mortality was the southern red-backed vole (M. gapperi). Only 2 of 208 captured southern red-backed voles died on control lines, whereas 1 of 149 captured voles died on mealworm-supplemented lines.
For Sorex, there was a significant interaction between the length of time that the shrew was in the trap and the bait treatment that they experienced (generalized linear model: v 2 2 ¼ 6.3, P ¼ 0.04). There was a positive effect of the length of time that a shrew was in a trap on its probability of dying on control lines (b ¼ 0.85 6 0.29, Z ¼ 2.9, P ¼ 0.004) and on water gel lines (b ¼ 0.90 6 0.44, Z ¼ 2.1, P ¼ 0.04). In contrast, there was no effect of the length of time that a shrew was in the trap on its probability of dying on mealwormsupplemented lines (b ¼ 0.20 6 0.16, Z ¼ 1.2, P ¼ 0.22; Fig.  2A ). For northern short-tailed shrews, there was no significant interaction between the length of time they were in the trap and the bait supplement (time 3 treatment interaction: v 2 2 ¼ 2.5, P ¼ 0.29; Fig. 2B ). Overall, there was a positive but nonsignificant effect of the length of time the shrew was in the trap on its probability of dying (b ¼ 0.16 6 0.10, Z ¼ 1.7, P ¼ 0.10; note that treatment also was included in this model as a main effect), but this was unaffected by our treatments, as indicated by the nonsignificant interaction.
DISCUSSION
Three lines of evidence suggest that accidental shrew mortality during livetrapping was strongly influenced by the availability of high-energy food. First, the probability of a Sorex dying in a live trap was positively affected by the length of time that the shrew spent in the trap. Sorex that were captured later in the night and, therefore, spent less time in the trap were more likely to be alive when the traps were checked in the morning than those shrews captured earlier in the night. Second, mortality rates of shrews captured in traps with mealworms were greatly reduced compared to rates in the controls. Although there was still mortality in mealwormsupplemented traps, the rate of mortality was less than one-half that of northern short-tailed shrews and Sorex on control lines. Finally, the availability of high-energy food in the form of mealworms mitigated the effect of capture time on shrew mortality. There was no longer an effect of when a Sorex was captured on its probability of surviving to the morning on lines provided with mealworm bait supplements. Traps provided with water gel bait supplement did not differ from control traps in overall shrew mortality rates or in the effect of capture time on shrew mortality, indicating that the additional water provided in the mealworms was not responsible for the beneficial effects of this bait supplement.
Our documented effect of capture time on shrew mortality is consistent with previous recommendations that advise researchers to check traps frequently to minimize shrew mortality (Sikes et al. 2011) . In many circumstances, however, this recommendation might prove impractical or problematic. Frequent checking of overnight traps can be dangerous in rough terrain, can be time consuming, and may disrupt the natural activity of nocturnal animals. It is, therefore, common practice for studies of small mammals to set live traps in the evening and not check them again until the morning. Identifying other strategies for reducing accidental shrew mortality is, therefore, desirable.
Our experimental supplementation with mealworms provided a substantial mitigation of this high trap-related mortality, which was consistent with some previous studies examining the effects of highly palatable baits on shrew mortality. We found that northern short-tailed shrew mortality on mealwormsupplemented lines was 13% compared to 29% on control lines. We observed an even more pronounced reduction in mortality for Sorex shrews, where mortality was reduced to 26% compared to that on control lines (84%). This large decrease is consistent with other studies, where mortality of S. vagrans was reduced from 32% in unbaited traps to 8% in traps including mealworms (Stromgren 2008) and S. cinereus mortality was reduced from 83% to 13% using whitefish as a high-energy bait in pitfall traps (Yunger et al. 1992) .
Despite this reduction in trap-related mortality the mealworm supplement did not completely eliminate mortality. One potential explanation is that we did not provide enough mealworms for the shrews. The average body mass of Sorex spp. found in Algonquin Provincial Park ranged between 3.9 g (pygmy shrew [Sorex minutes]) and 9 g (common shrew [Sorex araneus]-Churchfield 1990). Churchfield (1979) observed pygmy shrews consuming up to 125% (~4.9 g) of their body mass in food in per day and Hawkins and Jewell (1962) documented that common shrews require between 80% and 90% (~7.2-8.1 g) of their body mass in food per day. Pygmy shrews and common shrews should, therefore, require~2.4 g (4.9 g/2) and~3.6-4.0 g (7.2 g/2 and 8.1 g/2) of food if they are held in a trap for one-half of the day. If a Sorex is captured in a trap overnight (approximately 12 h maximum spent in a trap), the 4 g of mealworms provided should have been sufficient to fulfill the caloric requirements of all Sorex spp. Nonetheless, in 21 of 43 Sorex captures all of the mealworms were consumed and in 4 of these instances the shrews did not survive. As a result, it remains possible that these individuals had insufficient high-energy food to be able to survive until release.
There also were 6 instances where Sorex did not eat any available mealworms and 2 of these individuals died. Although Sorex are generally considered to be opportunistic feeders and have been documented to prey on a large variety of invertebrates (Grainger and Fairley 1978) , pygmy and common shrews both have been shown to prefer certain food items (Crowcroft 1954; Churchfield and Brown 1987) . Although diet preferences are unlikely to lead to trap mortality it remains possible that the mealworms were unavailable as a food source for some individuals. Other potential causes of mortality (e.g., temperature, stress, and population density) are likely to contribute to a lesser degree than caloric constraints, given the large reduction in mortality that we achieved through our mealworm supplementation. It is possible that multiple captures of the same shrew on successive nights of trapping increased their probability of mortality. Shrews were not   FIG. 2. -A) Sorex spp. that spent more time in the trap prior to release were more likely to die during livetrapping. This effect was mitigated by the inclusion of mealworms (Tenebrio molitor) as a bait supplement, but not by the inclusion of the Napa Nectar water gel bait supplement. B) There was no effect of the time since capture on the mortality of northern short-tailed shrews (Blarina brevicauda) and no effect of either of the 2 treatments. The upper and lower extents of the boxes depict the upper and lower quartiles of capture times for each species in each treatment. The bars represent the extent of the data up to a maximum of 1.5 times the interquartile range. Any points beyond this range are indicated as circles.
individually marked so we could not address this directly, but comparisons of overall mortality rates across 3 consecutive nights of trapping suggest that this is unlikely to be the case (J. Shonfield et al., in litt.) .
Together, our results indicate that water supplementation is not a sufficient provision in small mammal livetrapping efforts, but that the supplementation of 4 g of mealworms effectively reduces shrew mortality in overnight traps, especially for Sorex spp. Other factors may contribute to the mortality of both northern short-tailed shrews and Sorex because mortality rates were still relatively high even in mealworm-supplemented traps. We have previously identified effects on shrew mortality of certain environmental conditions, such as wet or cold nights, and potentially the type of trap used (J. Shonfield et al., in litt.) . Although this study has clearly identified the availability of highenergy and palatable food as a major cause of accidental shrew mortality during small mammal livetrapping, further experimental studies are needed to identify additional causes of the substantial amount of accidental shrew mortality that remains even when ample high-energy food resources are available.
It is clear that minimizing the length of time that shrews are held in live traps is the best way to reduce accidental mortality rates. However, in studies for which it is not practical or scientifically advisable to check traps frequently we recommend the addition of an appropriate amount of high-energy bait supplement, such as mealworms. In our study, we found that the addition of 4 g of mealworms per trap greatly reduced rates of accidental shrew mortality. The amount of bait supplement needed will likely depend on the species of shrew captured, ambient temperatures, and the frequency with which traps are checked. Further studies should investigate any effects of these bait supplements on the trappability of shrews and nonshrews so that the effects of any bait supplement on abundance estimates are known.
